The aim of this systematic review was to determine the effectiveness of acupuncture for the treatment of whiplash associated disorder (WAD). Twenty databases were searched from their inceptions to Oct. 2013. Randomised clinical trials (RCTs) of acupuncture (AT), electroacupuncture (EA), or dry needling (DN) for the treatment of WAD were considered eligible. The risk of bias was assessed using the Cochrane tool. Six RCTs met the inclusion criteria. Most of the included RCTs have serious methodological flaws. Four of the RCTs showed effectiveness of AT, AT in addition to usual care (UC), AT in addition to herbal medicine (HM) or EA was more effective than relaxation, sham EA, sham EA in addition to HM or UC for conditioned pain modulation (CPM) and alleviating pain. In one RCT, DN in addition to physiotherapy (PT) had no effect compared to sham-DN in addition to PT for the reduction of pain. None of the RCTs showed that AT/EA/DN was more effective than various types of control groups in reducing disability/function. One RCT did not report between-group comparisons of any outcome measures. The evidence for the effectiveness of AT/EA/DN for the treatment of WAD is limited. Therefore, more research in this area is warranted.
Introduction
Whiplash injury or whiplash associated disorder (WAD) is defined as a bony or soft tissue injury to the neck following an acceleration-deceleration mechanism of energy transfer resulting predominantly from motor vehicle accidents [1] . WAD is a common cause of chronic disability and is associated with a wide variety of clinical manifestations, including chronic neck pain and stiffness, headache, vertigo, dizziness, paresthesia, dysphasia, psychological distress, anxiety, depression, concentration and memory difficulties, sleep disturbances, or social isolation [2] . WAD is a serious, global healthcare issue; it accounts for as much as 83% of motor vehicle collision injuries [3] . In the United Kingdom, the incidence of WAD accounted for 57% of all emergency cases in 1995 and 2000 [4] . It is estimated that the incidence of whiplash is approximately 4 per 1,000 persons [2] , although these rates may vary across the globe. It is also a costly problem. The annual costs associated with the management of WAD and associated with time off work are approximately $3.9 billion in the USA and 10 billion EUR in Europe [5] . The therapeutic management of WAD may involve multiple interventions, including but not limited to physiotherapy (PT), occupational therapy, psychotherapy, and educational approaches [5] .
Acupuncture therapy (AT) is one of most popular types of complementary and alternative medicine (CAM). It is now a widely accepted treatment for a variety of conditions, many of which are associated with pain [6, 7] . AT is defined as the insertion of needles into the skin and underlying tissues at 2 Evidence-Based Complementary and Alternative Medicine particular sites, known as acupoints, for therapeutic or preventive purposes [8] . AT includes electroacupuncture (EA), heat (including moxibustion), pressure, and laser-generated light. EA is defined as a "therapy derived from Chinese acupuncture but using modern electronics" [9] . Dry needling (DN) and AT, while using the same needle types, are two very different treatments. DN is defined as "a technique that uses needles to treat myofascial pain in any body part, including the low-back region" [10] . All three techniques are sometimes utilised as symptomatic treatments of WAD, but their effectiveness remains unknown [11, 12] .
Whiplash often leads to significant chronic pain and it is useful to refer to the current evidence regarding acupuncture applied to this condition. There are several related systematic reviews of acupuncture for neck pain [13] [14] [15] [16] [17] [18] . One such review included 5 RCTs and analysis in the form of individual patient data [17] . This review suggested that acupuncture may be beneficial for pain relief, although the review analysed nonspecific neck and low back pain together. Recently, another review was published in 2012 that was based on 22 RCTs [15] . This review failed to show any beneficial effects of acupuncture for several types of neck pain. Other reviews are outdated [13, 14, 16, 18] . Currently available guidelines for the management of neck pain or WAD do not include acupuncture as a treatment [19, 20] or include it only in combination with manual and physical therapies and exercise [21, 22] . To the best of our knowledge, there are no systematic reviews (SRs) of AT/EA/DN for the treatment of WAD. This SR aims to critically evaluate all randomised clinical trials (RCTs) of AT or EA or ND compared with various controls for the treatment of patients with WAD.
Methods

Data Source. The recent Preferred Reporting Items
for Systematic Reviews and Meta Analyses (PRISMA) statement was used for the reporting structure of this systematic review. The following 20 databases were searched from their inception to Oct 2013: AMED, CINAHL, http://www.clinicaltrials.gov, EMBASE, ISI Web of Knowledge, MEDLINE, PEDro, PSYCINFO, Rehab Trials, Rehadat, The Cochrane Library, one Chinese database (China National Knowledge Infrastructure), three Japanese databases (J stage, Journal archive, and Science Links Japan), and five Korean databases (Korea Institute of Science and Technology Information, DBpia, Korea National Assembly Library, Korean Studies Information Service System, and Oriental Medicine Advanced Searching Integrated System). Details of the search strategy for MEDLINE are available in the appendix. The same search terms were used in Korean, Chinese, and Japanese. Authors ( = 3) were also contacted and asked for any unpublished data. In addition, the reference lists of all located articles were hand-searched for further relevant literature. Hard copies of all included articles were read in full. 
Search
Types of Interventions.
Studies that evaluated any type of AT were included. Treatments involving needle insertion at acupoints, pain points, or trigger points were described as AT. EA was also included. DN, the more common and best supported approach, targets myofascial trigger points. Trials testing other forms of AT, such as laser AT, herbal AT, moxibustion, acupressure, pressed studs, or transcutaneous electrical stimulation, were excluded. Control interventions (in controlled studies) included treatments such as usual care, sham treatment (interventions mimicking "true" AT/true treatment but deviating in at least one aspect considered important by AT theory, such as skin penetration or correct point location), or other treatment (e.g., relaxation, physiotherapy). We also included trials that compared AT plus another active treatment versus the other active treatment alone. Thus, we included all pragmatic trials that compared AT with any other treatments (e.g., drugs, exercise, etc.). Because our objective was to evaluate the effects of AT compared to non-AT controls, we excluded RCTs in which one form of AT was compared to another form of AT.
Outcome Measures.
Outcome measures pertaining to pain intensity, quality of life, and function were collected and assessed. Some outcome measures, such as the visual analogue scale (VAS), verbal scale, neck disability index (NDI), short-form 36 (SF-36), and range of movement (ROM), were anticipated based on previous analyses.
Data Extraction and Risk of Bias Assessment.
The data screening and selection were conducted by two independent
Evidence-Based Complementary and Alternative Medicine 3 reviewers (T.-W. Moon and P. Posadzki) and were verified and validated by the third author (M.S. Lee). Two authors (T.-W. Moon and P. Posadzki) extracted the data using a predefined data extraction form. The Cochrane tool was used to assess the quality of the RCTs. Two authors (T.-W. Moon and P. Posadzki) independently assessed the risk of bias of the included studies [29] . Disagreements were settled through a joint discussion between the authors.
Data Synthesis.
The mean changes in pain intensity, quality of life, and function compared with baseline were defined as the primary outcome measures, and the differences between the intervention groups and the control groups were assessed. The effect size for each individual outcome variable was estimated and we planned to combine the data from the individual studies for a meta-analysis (for studies with little heterogeneity). Continuous data were presented as the mean differences (MD), and dichotomous data were presented as the relative risks (RR) with 95% confidence intervals (CIs). In cases of outcome variables with different scales, the standard mean difference (SMD) was used instead of the weighted MD (WMD). If the meta-analyses exhibited heterogeneity (defined as results of tests of heterogeneity indicating that < 0.1 and 2 ≥ 50%), a random effects model was used to assess the combined efficacy values; otherwise, fixed effects models were used for these assessments. If more than 10 studies were found to conduct meaningful assessments of publication bias, funnel plots were used. The Review Manager 5.1 software (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011) was used for statistical analyses.
Results
Study Selection.
The searches generated 114 articles, and 108 were excluded (Figure 1 ). Six RCTs met our inclusion criteria. The key data from the included studies are summarised in Table 1 [23] [24] [25] [26] [27] [28] . The trials originated from Australia [25] , Austria [28] , Belgium [24] , Korea [23, 26] , and the UK [27] . Three RCTs [23, 24, 28] used AT; two [25, 26] used EA; and the remaining study used DN [27] . A total of 348 patients were included in the analyses. Table 2 summarises details of each treatment regimen.
A total of 309 patients were involved in these 5 studies. In two RCTs [25, 28] , patients with WAD grade I or II were recruited, and in one RCT [27] , patients with WAD grade two were recruited. The other RCTs [23, 26] did not mention WAD-grading.
Pain intensity was analysed by the VAS [23, 25, 26 ], short-form McGill pain questionnaire (SF-MPQ) [27] , and modified brief pain inventory short-form (m-BPI-sf) [27] . The short-form 36 (SF36) was used to analyse quality of life, and the ROM [28] and NDI [25] [26] [27] were used to assess function.
Assessment of Risk of Bias (ROB).
The results of ROB were shown in Figures 2 and 3 . Five RCTs [23] [24] [25] [26] [27] had a low ROB with regards to adequate sequence generation and addressing incomplete data, and one RCT [28] had an unclear ROB in both dimensions. With regard to allocation concealment, four RCTs [23] [24] [25] 27 ] had a low ROB and two RCTs [26, 28] had unclear ROBs. With regards to participant and personnel blinding, three RCTs [25] [26] [27] had a low ROB; two [23, 24] had an unclear ROB; and one had a high ROB [28] . With regard to assessor blinding, two RCTs [23, 24] had a low ROB, two [27, 28] had a high ROB, and the remaining two [25, 26] had an uncertain ROB. All six RCTs had low ROBs in selective outcome reporting. All but one RCT had high ROBs in other sources of bias [28] .
Study Characteristics.
Kwak et al. [23] tested the effectiveness of 6 sessions of AT plus usual care (UC) compared with UC alone in 40 patients with WAD. At the two week follow-up, the authors reported significant reductions in pain intensity (VAS) in the treatment group ( < 0.001; MD = −1.85; 95%CI −2.67 to −1.02) compared with controls ( < 0.001; MD = −0.40; 95% CI −1.18 to 0.38) and concluded that AT was associated with a significant alleviation of pain.
Tobbackx et al. [24] compared the effect of one session of AT with relaxation in 38 patients with WAD grades I-III. The authors reported significant reductions in pressure pain sensitivity (PPS) and PPS during CPM (both at < 0.001; no CIs) following AT compared with the controls and concluded that one session of AT results in acute improvements in PPS in the neck and calf of patients with chronic WAD; AT had no effect on CPM or the temporal summation of pressure pain.
Cameron et al. [25] investigated the effectiveness of 12 sessions of EA compared with sham EA in 116 patients with WAD grade I or II. The authors reported significant reductions in pain intensity (VAS) at the three-( = 0.05; 95% CI −1.0 to −0.3) and six-month ( = 0.007; 95% CI −1.2 to −0.l) follow-ups in the EA group compared with controls; the authors found no significant reductions in NDI or SF-36 at three or 6 months. They concluded that real EA was associated with a significant reduction in pain intensity, albeit clinically insignificant; and there were no changes in disability or quality of life.
Han et al. [26] compared the effect of 8 sessions of EA plus Wuji-san (a Chinese herbal mixture) with that of sham EA plus the mixture in 58 WAD patients. At the four-week follow-up, the authors reported a significant reduction in pain intensity (VAS) compared with controls ( = 0.043; no CIs) and no significant reduction in disability. The authors concluded that concomitant treatment with EA could be recommended as a useful therapy for WAD patients.
Tough et al. [27] tested the feasibility of a phase III RCT of DN in addition to physiotherapy (PT) (unknown number of sessions) versus sham DN in addition to PT in 34 females with grade II WAD. After six weeks, the authors reported no between-group differences in SF-MPQ ( = 0.67; no CIs), m-BPI-sf ( = 0.56; no CIs), or NDI ( = 0.43; no CIs) and concluded that a large RCT is both feasible and clinically relevant.
Aigner et al. compared the effect of AT (unknown number of sessions) with that of PT plus drugs (chlormezanone and paracetamol) in 61 patients with grades I-II WAD. At the eight-and twelve-month follow-ups, the authors reported increased ROM and decreased duration of acute complaints and drug intake following AT. However, no statistical tests were performed between the two groups. [23, 25, 27] used sham intervention as a control. One RCT [25] penetrated nonacupoints without electronic stimulation. The other RCT [26] penetrated the same acupoints as the real EA without electrical stimulation. A third RCT used nonpenetrating DN [27] .
Methods of Sham Intervention. Three RCTs
Adverse Events.
Adverse events were mentioned in three studies [23, 25, 27] , but no serious adverse events were reported. Most of the reported mild adverse events occurring with AT were bruising, fatigue, slight pain, sweating, and low blood pressure.
Discussion
To the best of our knowledge, this is the first SR of RCTs on the effectiveness of AT/EA/DN for the treatment of WAD. Only 6 RCTs exist, and 4 of them suggest that AT and/or EA have a positive effect on pain in WAD patients. However, none of them showed effectiveness in reducing disability. The evidence from these RCTs of the use of AT/EA for the treatment of WAD is, thus, ambiguous and inconclusive for several reasons.
Our SR reveals a paucity of large RCTs and some weaknesses in most of them. For instance, only two [23, 24] RCTs used assessor blinding. Three RCTs [25] [26] [27] which left its conclusions open to criticism. The other study [25] was unable to show clinically meaningful improvements in pain. The effect size of AT/EA ranged from −0.03 (small) [27] to 0.8 (large) [26] (mean = 0.34-small). In 2 of the 6 RCTs, the statistics needed for effect size calculations were not reported [23, 28] . Of the six RCTs, three RCTs were patient blinded [25] [26] [27] and two studies were assessor blinded [23, 24] . Two RCTs were self-reported subjective questionnaires completed by patients [25, 27] . The concealment of treatment allocation was reported in four trials [23] [24] [25] 27] . Trials with inadequate blinding and inadequate allocation concealment are likely to show exaggerated treatment effects and, thus, may not be reliable [30] .
One problem with clinical trials of AT is finding a suitable placebo control [31] . Several sham AT methods include puncturing the skin outside acupoints, inserting needles on nonacupoints, or superficially puncturing the skin without stimulation. However, there is currently no evidence of the superiority of real AT compared with sham AT, regardless of the AT technique used [32] . Therefore, a range of methods have been used, and some methods may not be adequate. Another problem is blinding. A study of AT is challenging to conduct because it is almost impossible to blind acupuncturists to the treatments they are delivering. Furthermore, it may be difficult to convince the study participants that sham AT is a credible treatment.
The included studies were heterogeneous in terms of methodological design, WAD grades, control groups, and primary outcome measures. Specifically, the types of trials included waiting-list controlled [23] , cross-over [24] , placebo-controlled [25] [26] [27] , and parallel groups [28] . The WAD grades ranged in each study: I or II [25, 28] , II [27] , and I-III [24] . The control groups were drugs plus PT [28] , relaxation [24] , sham-AT plus PT [27] , sham EA [25, 26] , and UC [23] . The primary outcome measures were CPM [24] , HAD-A [27] , drug intake, duration of acute complaints [28] , NDI [25] [26] [27] , m-BPI-sf [27] , ROM [28] , SF-MPQ [27] , SF-36 [25] , and VAS [23, 25, 26] . The frequency of AT/EA sessions ranged from 1 [24] to 12 [25] . The total number of acupoints treated ranged from two [28] to 20 [23] .
The importance of the Standard for Reporting Interventions in Controlled Trials of Acupuncture (STRICTA) guidelines [33] has recently been emphasised [34] . Unfortunately, none of the RCTs fully described the details of their AT/EA/DN treatments, making them difficult or even impossible to reproduce. Two RCTs failed to mention the total number of AT sessions [27, 28] . One RCT [27] failed to provide details of the myofascial trigger points needled. Two RCTs [23, 26] did not mention WAD grades. AEs associated with the use of AT for treating the symptoms of whiplash injury are usually mild and do not appear to require acute medical attention or hospitalisation. Three RCTs [24, 26, 28] failed to report the incidence of AEs. The STRICTA guidelines and medical ethics require the reporting of AEs. Unless future trials of AT or EA follow STRICTA, they will contribute little to the evidence base.
WAD not only causes musculoskeletal strain but also leads to a wide variety of psychological and social disorders [35, 36] . Thus, addressing AT's mechanism of action in WAD patients might pose considerable challenges. Apart from nonspecific psychological (placebo) effects related to the patient's belief that treatment will be effective, the antinociceptive effect of needling might involve a reduction of inflammatory pain and proinflammatory cytokines through the activation of endogenous cannabinoids and peripheral cannabinoid receptors [37, 38] .
Our review has several limitations that should be kept in mind when interpreting its results. First, although we searched an extensive number of databases, we cannot be sure that all relevant articles were found. In particular, RCTs from Asian countries may have used indexing terms other than whiplash and, therefore, would not have been identified in our search. Second, due to the statistical and clinical heterogeneity of the studies, a formal meta-analysis was deemed implausible. Third, the total number of trials included in our analyses and the total sample size are too small to allow definitive judgments. Finally, publication bias may have negative studies. The present review has strengths, including a thorough search strategy without language restrictions and a critical appraisal of the included trials.
In conclusion, the evidence for the effectiveness of AT for WAD is limited. More research is warranted in this area.
